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© Arrangement for recording an audio signal. 



© The invention relates to an arrangement for ob- 
taining record carriers carrying an audio signal which 
is protected against further copying. For this purpose 
low-frequency signal components of the left-hand 
and the right-hand signal channel of the audio signal 
are derived by means of filter devices (3, 4). A first 
auxiliary signal and a second auxiliary signal are 
added to the low-frequency signal components of 
the audio signal to be recorded in such a way that 
^■during reproduction of the audio signal to be re- 
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corded, including the first and the second auxiliary 
signal added thereto, by means of two loudspeaker 
units arranged in a stereo configuration the two 
auxiliary signals are not audible (see Fig. 1). 

The invention further relates to an arrangement 
by means of which it is possible to normally record 
audio signals not provided with a copy-protection 
code in the form of said two auxiliary signals but to 
inhibit or to signal the recording audio signals pro- 
vided with a copy-protection code. 
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The invention relates to an arrangement for 
recording on a record carrier an audio signal com- 
prising a left-hand and a right-hand channel, which 
arrangement has a first and a second input terminal 
for receiving the left-hand and the right-hand chan- 
nel respectively, said first and said second input 
terminal being coupled respectively to a first and a 
second input of the recording unit to record the 
signals applied to its inputs on the record carrier. 

The invention also relates to a record carrier on 
which an audio signal has been recorded by means 
of the arrangement in accordance with the inven- 
tion. 

Arrangements of the type defined in the open- 
ing paragraph are known in the form of magnetic 
tape recorders, for example RDAT or SDAT record- 
ers. In both cases the audio signal is digitised and 
is subsequently recorded on the magnetic tape. 
For this purpose an RDAT recorder employs a 
rotating head and the audio signals are recorded 
on the record carrier in adjacent tracks which are 
inclined relative to the longitudinal direction of the 
record carrier. In an SDAT recorder the digitised 
and encoded audio signal is divided among a plu- 
rality of stationary heads and is recorded on the 
record carrier in an equal number of tracks which 
extend in the longitudinal direction of the record 
carrier. 

For a comprehensive description of the two 
above systems reference is made to the book "The 
art of digital audio" by J. Watkinson, Focal press, 
London, 1988. 

One of the reasons why the systems have not 
yet found acceptance on the market is the problem 
of unauthorized copying. For this reason suppliers 
of prerecorded record carriers are not willing sup- 
ply such record carriers for use in one of the said 
systems. 

Digital copying, i.e. direct copying of the 
digitised and encoded audio signal without prior 
D/A conversion and subsequent A/D conversion, 
hardly leads to a degradation in quality in said 
systems. Therefore, it is envisaged that digital 
copying will assume large proportions, resulting in 
a substantial loss of royalties. 

In the past proposals have been made to in- 
hibit digital copying. These proposals are based on 
the insertion of a copy-protection code in the sub- 
code of the digital data stream as recorded on the 
record carrier. 

Copying is inhibited upon detection of the 
copy-protection code in the subcode. The advan- 
tage of this method is that the audio signal is not 
disturbed because the protection code is not in- 
serted in the audio signal itself. 

Copying prerecorded record carriers via the 
analog path, i.e. the audio signal to be reproduced 
is first D/A converted in the reproducing apparatus 



and is subsequently applied to the recording ap- 
paratus in analog form, where it is re-digitised prior 
to recording, cannot be precluded in this way. 

Since this (analog) method of copying 

5 prerecorded record carriers by means of the above 
systems neither leads to any substantial deteriora- 
tion in quality it is also envisaged that analog 
copying will be used on a large scale. 

Proposals to inhibit copying by analog methods 

70 have also been made in the past. For example, 
there has been a proposal by CBS to feed the 
audio signal through a very narrow-banded band- 
stop filter prior to recording of the signal on the 
record carrier. If during recording of an audio signal 

75 it is detected that there is no signal content in the 
relevant frequency range, the signal apparently 
concerns copy-protected information and recording 
is interrupted or the audio signal to be recorded is 
disturbed. 

20 A drawback of this method is that the audio 

signal is distorted because it is fed through the 
band-stop filter. This distortion is sometimes au- 
dible, which is very annoying. 

It is an object of the invention to propose steps 

25 enabling unauthorized copying of (prerecorded) 
record carriers by analog methods to be inhibited 
or to be signalled. 

To this end the arrangement in accordance 
with the invention is characterized in that the first 

30 and the second input terminal are coupled to an 
input of a first and a second filter device respec- 
tively, which devices are adapted to extract a first 
and a second low-frequency signal component 
from the left-hand and the right-hand channel re- 

35 spectively and to apply the first and the second 
low-frequency signal component to an output, in 
that the output of the first filter device is coupled to 
an input of a first signal-processing unit and the 
output of the second filter device is coupled to an 

40 input of the second signal-processing unit, in that 
the outputs of the first and the second signal- 
processing unit are coupled to the first input and 
the second input respectively of the recording unit, 
in that the first signal-processing unit is adapted to 

45 add a first auxiliary signal to the signal applied to 
its input and to supply the signal thus processed to 
its output, in that the second signal-processing unit 
is adapted to add a second auxiliary signal to the 
signal applied to its input and to supply the signal 

50 thus processed to its output, and in that the first 
and the second auxiliary signal are selected in 
such a way that during reproduction of the audio 
signal, including the first and the second auxiliary 
signal added thereto, via two loudspeaker units 

55 arranged in a stereo configuration, the auxiliary 
signals are substantially inaudible to a listener. 
This arrangement is intended for the production of 
prerecorded cassettes provided with a copy-protec- 



3 



EP 0 392 612 A1 



4 



tion code. These arrangements will generally be 
employed in the software industry. To this end 
another arrangement of the type defined in the 
opening paragraph is characterized in that the first 
and the second input terminal are coupled to an 
input of a first and a second filter device respec- 
tively, in that the first and the second filter device 
are adapted to' extract a first and a second low 
frequency signal component respectively from the 
left-hand and the right-hand channel respectively 
and to supply the first and the second low-fre- 
quency signal component to an output, in that the 
output of at least one of the two filter devices is 
coupled to an input of a detector unit, in that the 
detector unit is constructed to detect the presence 
of an auxiliary signal in the low-frequency signal 
component of at least one of the two signal chan- 
nels, and is adapted to generate a control signal 
upon detection of the auxiliary signal and to supply 
the control signal to an output, in that the output of 
the detector unit is coupled to a control-signal input 
of the recording unit, and in that the recording unit 
is adapted to inhibit recording in the presence of 
the control signal and to record the audio signal in 
the absence of the control signal. 
This arrangement is intended to inhibit copying of 
an audio signal which is protected against copying 
or to seriously distort this signal prior to recording. 
These arrangements will be utilised, in particular, in 
consumer equipment. 

The invention is based on the recognition of 
the fact that analog copying can be prevented by 
means of a copy-protection code inserted in the 
audio signal without the protection code having an 
adverse effect on the audio signal. For this purpose 
a first and a second auxiliary signal are inserted 
respectively in a iow-frequency signal component 
of the left-hand channel and the right hand channel 
of the audio signal. This low-frequency signal com- 
ponent is preferably the audio signal situated in a 
frequency range below 150 to 200 Hz. In this 
frequency range the audio signal contains hardly 
any stereo information and the audio signal is quite 
redundant. This enables the first and the second 
auxiliary signal to be inserted in such a way that 
these auxiliary signals, although they are present in 
the audio signal, are not audible during reproduc- 
tion. 

If an audio signal which is thus protected is to 
be recorded by means of an arrangement intended 
for the consumer market, it is possible to detect in 
the arrangement whether auxiliary signals have 
been added to the audio signal. If this is the case, 
recording is discontinued or the audio signal to be 
recorded is distorted. Detection of the auxiliary 
signals is possible by detecting one of the auxiliary 
signals or by using the presence of both auxiliary 
signals. 



Yet another arrangement of the type defined in 
the opening paragraph is characterized in that the 
first and the second input terminal are coupled to 
an input of a first and a second filter device re- 

s spectively, in that the first and the second filter 
device are adapted to extract a first and a second 
low-frequency signal component from the left-hand 
and the right-hand channel respectively and to sup- 
ply the first and the second low-frequency signal 

70 component to an output, in that the output of at 
least one of the two filter devices is coupled to an 
input of a detector unit, in that the detector unit is 
adapted to detect the presence of an auxiliary 
signal in the low-frequency signal component of at 

75 least one of the two channels, and is adapted to 
generate a control signal upon detection of the 
auxiliary signal and to supply the control signal to 
an output, in that the output of the detector unit is 
coupled to a signalling unit, and in that the signal- 

20 ling unit is adapted to indicate that in the presence 
of the control signal the audio signal to be re- 
corded is an audio signal provided with the auxil- 
iary signal. This arrangement can also be em- 
ployed in as a consumer apparatus and does not 

25 serve inhibit copying of copy-protected information 
but serves, merely to detect and signal that the 
relevant information is protected and should not be 
copied. 

The arrangement intended for the consumer 

30 market may be characterized further in that in that 
the output of the first filter device is coupled to an 
input of a first signal-processing unit, the output of 
the second filter device is coupled to an input of a 
second signal-processing unit, in that the outputs of 

35 the first and the second signal-processing unit are 
coupled to the first and the second input of the 
recording unit, in that the first signal-processing 
unit is adapted to add a first auxiliary signal to the 
signal applied to its input and to supply the signal 

40 thus processed to its output, in that the second 
signal-processing unit is adapted to add a second 
auxiliary signal to the signal applied to its input and 
to supply the signal thus processed to its output, in 
that the device is adapted to optionally add in the 

45 absence of the control signal the first and the 
second auxiliary signal to the audio signal applied 
to its input terminals and to supply the audio sig- 
nal, thus processed or not, to the inputs of the 
recording unit, and in that the first and the second 

50 auxiliary signal are selected in such a way that 
during reproduction of the audio signal including 
the first and the second auxiliary signal added 
thereto, via two loudspeaker units arranged in a 
stereo configuration, said auxiliary signals are sub- 

55 stantially inaudible to a listener. 

In this way the consumer can make his own re- 
cordings on cassettes which, if desired, can be 
protected against copying. The first and the second 



5 



EP 0 392 612 A1 



6 



auxiliary signal can be added directly to the low- 
frequency signal component of the left-hand and 
the right-hand channel respectively. Instead of this, 
the arrangement intended for the consumer market 
may be characterized in that the output of the first 5 
filter device is coupled to an input of a first signal 
processing unit, the output of the second filter 
device is coupled to an input of a second signal 
processing unit, in that outputs of the first and the 
second signal processing unit are coupled to the 10 
first and the second input of the recording unit, in 
that the first signal-processing unit is adapted to 
add a first auxiliary signal to the signal applied to 
its input and to supply the signal thus processed to 
its output, in that the second signal-processing unit 75 
is adapted to add a second auxiliary signal to the 
signal applied to its input and to supply the signal 
thus processed to its output, in that the device is 
adapted to add, in the absence of the control 
signal, the first and the second auxiliary signal to 20 
the audio signal applied to its input terminals and 
to supply the audio signal thus processed to the 
inputs of the recording unit, and in that the first and 
the second auxiliary signal are selected in such a 
way that during reproduction of the audio signal. 25 
including the first and the second auxiliary signal 
added thereto, via two loudspeaker units arranged 
in a stereo configuration , said auxiliary signals are 
substantially inaudible to a listener. In this case 
there is no option and in all cases auxiliary signals 30 
will be added to an audio signal to be recorded 
which does not yet contain the auxiliary signals. 
This provides a solution enabling original record- 
ings (not provided with the auxiliary signals) or 
prerecorded tapes (which should neither be pro- 35 
vided with the auxiliary signals) to be copied but in 
preventing copies from being copied again. 

Moreover, ail the arrangements described so 
far may be characterized further in that the outputs 
of the first and the second filter device are coupled 40 
to a first and a second input of the signal combina- 
tion unit, which has an output coupled to the inputs 
of the two signal-processing units. In this case the 
low-frequency signal components of the left-hand 
and the right-hand channel are in fact made equal 45 
to one another. Now monophonic signals are gen- 
erated in both channels in the low frequency range 
below 50 to 200 Hz, to which subsequently the first 
and the second auxiliary signal are added. An 
advantage of this is that detection of the copy- so 
protection code in a consumer apparatus can be 
simpler and more reliable. 

The auxiliary signals can be added to the audio 
signals in various ways. For example, in a first 
embodiment the first signal-processing unit is 55 
adapted to amplify the signal applied to its input, in 
cycles of each time two successive time intervals 
Ti and T 2 , by values 1 + a and 1 - a respectively 



and the second signal processing unit is adapted to 
amplify the signal applied to its input, in cycles of 
similar time intervals Ti and T-., by values substan- 
tially equal to 1 - a and 1 + a respectively, a being 
a constant smaller than 1 . 

In a second embodiment the first signal-processing 
unit is adapted to amplify the signal applied to its 
input, in cycles of each time two successive time 
intervals Ti and T2, by values 1 + a and 1 - a 
respectively and the second signal processing unit 
is adapted to amplify the signal applied to its input, 
in cycles of similar time intervals Ti and T 2 , by 
values substantially equal to 1 - a and 1 + a 
respectively, a being a constant smaller than 1. 
Moreover, the~signal processing units may be fur- 
ther adapted to add and subsequently not to add 
the auxiliary signal to the signals applied to their 
outputs in cycles of each time two consecutive 
time intervals T A and T B . 

In all these cases use is made of the knowledge 
about the perceptual properties of hearing, and it is 
found that additional information may be added to 
the audio signal without this additional information 
being perceptible to a listener. 

The arrangements may be characterized fur- 
ther in that the first input terminal is further coupled 
to a third filter device and the second input termi- 
nal is coupled to a fourth filter device, in that the 
third and the fourth filter device are adapted to 
extract a second higher-frequency signal compo- 
nent from the left-hand and the right-hand channel 
respectively, in that an output of the third and the 
fourth filter device is coupled respectively to a third 
and a fourth input of the recording unit to record 
the signal components of higher frequency of the 
left-hand and the right-hand channel on the record 
carrier. 

This embodiment suitably employs an encoder for 
subband coding as described inter alia in the Ap- 
plicant's European Patent Application 289,080 
(PHN 12.108). The digital filters in the analysis filter 
means, which are present anyway in a subband 
encoder, enables a sharp isolation to be obtained 
between the signal components in the various sub- 
bands. Therefore, no additional filters are required. 

Embodiments of the invention will now be de- 
scribed in more detail, by way of example, with 
reference to the accompanying drawings. In the 
drawings 

Fig. 1 shows a first embodiment of an ar- 
rangement for manufacturing a copy-protected 
record carrier, 

Fig. 2 shows a first example, 
Fig. 3 shows a second example, 
Fig. 4 shows a third example, and 
Fig. 5 shows a fourth example of the signal 
processing units in the arrangement shown in Fig. 
1, 
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Fig. 6 shows an embodiment of an arrange- 
ment intended for the consumer market, 

Fig. 7 shows an example of a detector used 
in the arrangement shown in Fig. 6, 

Fig. 8 shows a further embodiment, 
Fig. 9 shows still another embodiment, and 
Fig. 10 shows yet another embodiment of 
the arrangement. 

Fig. 1 shows an arrangement comprising a first 
input terminal 1 and a second input terminal 2 for 
the left-hand and the right-hand channel respec- 
tively of an audio signal. The input terminals are 
coupled to a first filter device 3 and a second filter 
device 4 respectively. The filter devices 3 and 4 
are constructed to extract a first and a second low 
frequency signal component from the left-hand and 
the right-hand channel respectively. The filter de- 
vices may be constructed for example as two low- 
pass filters having cut-off frequencies in a range of 
for example 150 Hz to 200 Hz. The output of the 
filter device 3 is coupled to an input of a first 
signal-processing unit 5. The output of the filter 
device 4 is coupled to an input of a second signal- 
processing unit 6. These couplings may be direct 
couplings. Fig. 1 shows a coupling via the circuit 7, 
comprising a signal-combination unit 8. The out- 
puts of the filter devices 3 and 4 are now coupled 
to two inputs of the signal-combination unit 8. The 
output of the combination unit 8 is coupled to the 
inputs of the two signal-processing units 5 and 6. 
The signal combination unit 8 may be an adder 
which, for example, divides the signals applied to 
its inputs by two and subsequently adds them to 
each other. 

The signal-processing units 5 and 6 are adapt- 
ed to add a first and a second auxiliary signal to 
the signals applied to their respective inputs and to 
supply the signals thus processed on their outputs. 

Outputs of the signal-processing units 5 and 6 
are coupled to inputs of the signal-combination 
units 9 and 10 respectively. The input terminals 1 
and 2 are also coupled to inputs of the signal- 
combination units 9 and 10 respectively via the 
filter devices 11 and 12 respectively. The filter 
devices 11 -and 12 extract a high-frequency signal 
component from the left-hand and the right-hand 
channel in a frequency range which is complemen- 
tary to the frequency range in which the low- 
frequency signal components are situated. There- 
fore, the filter devices take the form of high-pass 
filters having a cut-off frequency substantially cor- 
responding to the cut-off frequency of the low-pass 
filters in the filter devices 3 and 4. The combination 
units 9 and 10 are intended to recombine the 
associated low-frequency and high-frequency sig- 
nal components. Thus, as far as the high frequency 
range is concerned, the original stereo signal, is 
again available on the outputs 13 and 14 of the 



combination units 9 and 10 respectively. With re- 
spect to the low frequency range the same 
(monophonic) signal is available on the two out- 
puts. The first auxiliary signal is added to the one 

5 signal and the second auxiliary signal is added to 
the other signal. 

The outputs 13 and 14 are coupled to inputs 
15 and 16 respectively of a recording unit 17. In 
the present case this is a recording unit of an 

to RDAT recorder, which records the audio signal 
thus processed on a record carrier 21 by means of 
two recording heads 19 and 20 arranged on a 
rotatable head drum 18. The method of recording 
an audio signal on a record carrier by means of an 

75 RDAT recorder is described comprehensively in 
the literature, see inter alia the aforementioned 
book by Watkinson, and "requires no further ex- 
planation. This is particularly so because the inven- 
tion does not relate to the specific method of 

20 recording the audio signal on a record carrier. 

Since an RDAT recorder records the signal 
digitally and in encoded form on the record carrier 
the arrangement should comprise A/D converters. 
These (two) A/D converters may be arranged, for 

25 example, in the connection between the terminals 1 
and 2 and the junction points 81 and 82 respec- 
tively. All the operations are then performed on 
digital signals, which means that all elements such 
as for example the filters 3,4, 11 and 1 2 are digital 

30 elements (filters). 

Another possibility is not to digitise the signals 
until after the outputs 13 and 14. In that case the 
operations are performed on analog signals. 

The operation and the purpose of the signal- 

35 processing units 5 and 6 will now be described in 
more detail. The signal-processing units 5 and 6 
are adapted to insert the first and the second 
auxiliary signal, the auxiliary signals being selected 
in such a way that these auxiliary signals are not 

40 audible to a listener during reproduction of the 
audio signal by means of two loudspeaker units 
arranged in a stereo configuration. 

Fig. 2 shows a first example of the signal- 
processing units 5 and 6. In this Figure the pro- 

45 cessing units bear the reference numerals 5 and 
6'. The input 23 of the processing unit 5 is coup- 
led to inputs of amplifiers 27 and 28. The outputs 
of these amplifiers 27 and 28 are coupled to the 
terminals a and b respectively of a switch Si . The 

so third terminal c"bf this switch is coupled to the 
output 25 of the" processing unit 5 . 

The signal-processing unit 6' is of a similar 
construction. Moreover, the units 5 and 6 have a 
squarewave generator 31 in common. This gener- 

55 ator 31 supplies a squarewave cs, which is "high" 
or logic rt 1 n and which is "low" or logic "0" during 
cycles of two consecutive time intervals Ti and T2 
respectively. The squarewave cs is applied to the 



9 



EP0 392 612 A1 



10 



two switches Si and S2 as a control signal in such 
a way that if the squarewave cs is "high", the 
switches are in the position shown and if the 
squarewave is "low" the switches are in the other 
position. 

The amplifiers 27 and 29 amplify the signal 
applied to their input by a factor of 1 + a, where a 
is a constant which is smaller than 1. The amplifi- 
ers 28 and 30 amplify the signals applied to their 
inputs by a factor of 1 - a. 

Consequently, in turn, the left-hand channel is 
amplified by a factor of 1 + a and the right-hand 
channel by a factor of 1 - a in the time interval T21 
and the left-hand channel is amplified by a factor of 
1 - a and the right-hand channel by a factor of 1 + 
a in the time interval T2. 

Fig. 3 shows diagrammatically a second exam- 
ple of the signal-processing units 5 and 6. in this 
Figure the processing units bear the reference nu- 
merals and 6". The circuit bears much resem- 
blance to the circuit shown in Fig. 2. The difference 
is that the amplifiers 27 to 30 in Fig. 2 are replaced 
by phase shifters 32 to 35. The phase shifters 32 
and 34 each advance the phase of their input 
signal by a phase angle of a° and the phase 
shifters 33 and 35 retard the phase of their input 
signals by a phase angle of a'. The value of a 
may be, for example, 45*. On the one hand, a 
should not be too small in order to guarantee a 
correct detection of the auxiliary signals (see 
hereinafter) and, on the other hand, it should not be 
too large in order to prevent the audio signal from 
being attenuated excessively. If the phase shift is 
to be made larger in spite of this, a corresponding 
amplitude correction should be applied to the 
phase-shifted signals. The control system for the 
switches Si and S2 by means of the squarewave 
generator 31 operates in the same way as that of 
the switches Si and S2 in the circuit shown in Fig. 
2. 

It is not necessary to switch the signals each 
time from a phase shift of + a * to a phase shift of 
•a ° . It is also possible to give the low-frequency 
signal component of the left-hand channel con- 
stantly a phase shift of +a" and to give the low- 
frequency system component of the right-hand 
channel constantly a phase shift of -a*. In that 
case the elements 33, 34, 31 may be dispensed 
with and the switches Si and S2 are replaced by 
connections to the outputs 25 and 26. One possibil- 
ity is to construct the element 32 as a delay line 
which provides a phase shift of the signal through 
2a * . No phase shifter is then arranged in the 
connection from the input 24 to the output 26. The 
delay lines which shift the signal through a* should 
then be arranged in the connection from the filters 
11 and 12 to the combination units 9 and 10 
respectively. 



Fig. 4 shows a third example of the signal- 
processing units 5 and 6. In this Figure the pro- 
cessing units bear the reference numeral 5 and 
6 ". The input 23 is coupled to the terminal d of a 

5 switch S i via the unit 40. The input 23 is coupled 
directly to the terminal b of this switch. The termi- 
nal c of the switch s\ is coupled to the output 25. 
Similarly, the input 24 is coupled to the terminal a 
of the switch s\ via the unit 41 and is coupled 

10 directly to the terminal b of this switch. The termi- 
nal c of the switch sV is coupled to the output 26. 
The~switches are controlled by a control signal cs\ 
which is generated by a squarewave generator 31 
which is common to the two signal-processing units 

75 5 and 6 "'. The squarewave generator 31 gen- 
erates a squarewave cs which is "high" or logic 
"1" and "low" or logic M 0 n during cycles of each 
time two successive time intervals T a and T b re- 
spectively. If the squarewave cs' is high the switch- 

20 es s'1 and s'2 are in the position shown. If the 
squarewave is low the switches will be in the other 
position. 

In fact, one of the units 5, 5 or 5 and 6, 6 or 
6 as described with reference to Figs. 1, 2 and 3 

25 may be used for the units bearing the reference 
numerals 40 and 41 . 

The signal-processing units 5 and 6 operate 
as follows: during cycles of each time two succes- 
sive time intervals T a and T b the auxiliary signals 

30 are alternately added and not added to the signals 
applied to the outputs 25 and 26 respectively. 

Fig. 5 shows yet another example of the signal- 
processing units 5 and 6, which now bear the 
reference numerals 51 and 61 respectively. The 

35 units 51 and 61 bear much resemblance to the 
units 5' and 6' in Fig. 2. The amplifiers 27 to 30 in 
Fig. 2 now bear the reference numerals 27 to 30 . 
The amplifiers 27' to 30' are amplifiers having 
variable gain factors. The amplifier 27^ has a gain 

40 factor of V(A)(1 + a), the amplifier 28 has a gain 
factor of V(A)(1 - a), the amplifier 29' has a gain 
factor of V(A)(1 + a), and the amplifier 30' has a 
gain factor of V(A)(1 - a). The factor V(A) is a gain 
factor V which depends on the amplitude A of the 

45 input signals applied to the inputs 23 and 24. For 
this purpose the amplifiers 27' to 30' each have a 
control-signal input 44. 45, 46 and 47 respectively. 
Moreover, there is provided a detection unit 43 
which is common to the processing units 51 and 

50 61 and which has an input coupled to the output of 
the signal-combination unit 8 and which has an 
output coupled to the control signal inputs 44 to 47. 

The detection unit 43 is constructed to detect 
the amplitude A of the output signal of the com- 

55 bination unit 8. The "amplitude of the output sig- 
nal" may be understood to mean: the signal value 
averaged over a specific time interval. Another pos- 
sibility is to define the signal amplitude as the 
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energy content of the signal. 

The detection unit 43 generates a control sig- 
nal depending on the amplitude of the input signal. 
Depending on this control signal the gain factor V- 
(A) varies and hence the gain factors of the four 
amplifiers 27 to 30 vary, in such a way that if the 
amplitude A decreases or increases as a function 
of time the gain factor V(A) decreases and in- 
creases respectively. 

Fig. 6 shows an arrangement in accordance 
with the invention intended for the consumer mar- 
ket. 

The arrangement is intended to enable audio 
information which is not provided with a copy- 
protection code to be recorded normally on a 
record carrier, the arrangement comprising a de- 
tector unit to detect a copy-protection code which 
may have been inserted in the audio signal in order 
to inhibit recording of this audio signal. 

For this purpose the arrangement comprises a 
first filter device 3 coupled to an input terminal 1 
and a second filter device 4 coupled to an input 
terminal 2. The left-hand and right-hand channels 
of the audio signal, which may contain a copy- 
protection code in the form of first and second 
auxiliary signals as added to the audio signal by 
the device shown in Fig. 1, are applied to the 
terminals 1 and 2. The filter devices 3 and 4 are 
again low-pass filters having a cut-off frequency 
between, for example, 150 and 200 Hz. 

The outputs of the filter devices 3 and 4 are 
coupled to associated inputs of a detector unit 62. 
The detector unit 62 is adapted to detect at least 
one of the auxiliary signals (if present) in the output 
signals of the filter devices 3 and 4. A reliable 
detection can be realised by first subtracting the 
output signals of the filter devices 3 and 4 from 
one another. For this purpose the detector unit 62 
comprises a signal-combination unit 63, which sub- 
tracts the two signals applied to its inputs from 
each other. The output signal of the combination 
unit 63 no longer contains the monophonic audio 
signal. If the audio signals applied to the inputs 1 
and 2 contain a copy-protection code only the two 
auxiliary signals are still present. Thus, the detector 
64, which is coupled to the output of the combina- 
tion unit 63, enables the presence or absence of 
one or both auxiliary signals to be detected very 
accurately. 

If the auxiliary signals have been added to the 
audio signal by means of the signal-processing 
units 5 and 6' in Fig. 2 the detector 64 may 
comprise, for example, a rectifier 65, which rectifies 
the input signal of the detector 64 and feeds the 
rectified input signal to a threshold detector 66, see 
Fig. 7. If the input signal of the threshold detector 
66 exceeds a specific threshold value the threshold 
detector 66 generates an output signal, which in 



order to control two switches S3 and S«. arranged 
in the connections between the input terminals 1 
and 2 and between the inputs 15 and 16 respec- 
tively of the recording device 17 is applied via the 

s line 67. 

If auxiliary signals are present in both signal 
components of the audio signal applied to the 
terminals 1 and 2, the control signal will be applied 
to the line 67. If the control signal is present the 

70 switches S3 and S4 are controlled in such a way 
that they are in the open position. This means that 
the applied audio signal is not recorded by the 
device. 

In the absence of the auxiliary signals no con- 

75 trol signal will be generated and the switches S3 
and S* will be in the closed positions. The applied 
audio signal can then be recorded. 

If the auxiliary signals have been added to the 
audio signal in a different way the detector unit 62 

20 should sometimes be of a different construction. 

Instead of interrupting the audio signals by 
means of the switches S3 and S* if the auxiliary 
signals are present it is possible to replace the 
switches by units which seriously distort the audio 

25 signal under the influence of the control signal. 

Fig. 8 shows another embodiment of the ar- 
rangement intended for the consumer market. The 
arrangement is an extension to that shown in Fig. 6 
and, if an audio signal applied to the input termi- 

30 nals is not provided with a copy inhibit code in the 
form of the two auxiliary signals, it enables these 
two auxiliary signals to be added as yet before the 
audio signal is recorded on the record carrier. 

For this purpose the arrangement comprises 

35 components as already described with reference to 
Fig. 1. The arrangement shown in Fig. 8, for exam- 
ple, comprises the filter devices 11 and 12, the 
signal-combination units 8, 9 and 10 and the 
signal-processing units 5 and 6. In addition, it com- 

40 prises switches S 3 and S 4, which are coupled to 
the outputs 13 and 14 of the combination units 9 
and 10 and switches Ss and Ss. The switches S3 
and S 3 are coupled to the terminals a and b 
respectively of the switch S5. The terminal" c of the 

45 switch Ss is coupled to the input 15 of theTecord- 
ing unit 17. The switches S* and S* are coupled 
to the terminals a and b respectively of a switch 
S6. The terminal ~c of the switch Sg is coupled to 
the input 16 of the recording unit 17 . 

50 In the present case the recording unit 17 is of a 

different construction, i.e. it is a recording unit for 
an SDAT recorder by means of which the audio 
information is recorded on the record carrier with 
the aid of a plurality of stationary recording heads 

55 65.1 to 65.n in n parallel adjacent tracks which 
extend in the longitudinal direction of this record 
carrier. For a further explanation reference is made 
to the book by Watkinson. 
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The filter units 3 and 4 act both to detect the 
auxiliary signals and to extract the low-frequency 
signal components, so that the auxiliary signals in 
the signal-processing units 5 and 6 can be added 
to the low-frequency signal components which 
have been addesd in the combination unit 8. More- 
over, the control signal generated by the detection 
unit 64 is applied not only to the switches S3 and 
Sa via the line 67 but also to the switches s'3 and 
S 4. Upon detection of the auxiliary signals in the 
incoming audio signal the detection unit 64 thus 
applies a control signal to the switches S3, S 3 , S4 
and S\, so that these switches are set to an open 
position. Consequently, it is no longer possible to 
record the audio signal. In the absence of the 
auxiliary signals in the incoming audio signal no 
control signal is applied to the switches S3, S3. S4 
and s'* t so that these switches are closed. 

It is now possible to record the incoming audio 
signal directly on the record carrier. For this pur- 
pose, the switches S5 and S& are set to such a 
position that the terminals a and c of the two 
switches are interconnected under the influence of 
the control signal applied via the terminal 75. 

Another possibility is to add the two auxiliary 
signals to the audio signal prior to recording on the 
record carrier, in order to protect a recording thus 
made against subsequent unauthorized copying. 
Under the influence of another control signal ap- 
plied to the terminal 75 the switches S5 and Ss are 
then set to the position other than that shown in 
Fig. 8 and the audio signal containing the copy- 
protection code can be recorded on the record 
carrier. 

Another possibility may be to exclude the 
choice whether or not to add a copy-protection 
code an audio signal which is not protected against 
copying. This means that if the detection unit 64 
detects the absence of the auxiliary signal the 
auxiliary signals are added automatically before the 
audio signal is recorded. This can be achieved by 
means of the arrangement shown in Fig. 8, which 
is then modified as follows. 

The connections from the input terminals 1 and 
2 to the inputs 15 and 16 respectively of the 
recording unit 17 , including the switches S3, S4, 
S5 and Ss t are then dispensed with. Direct inter- 
connections are now provided from the outputs of 
the switches S 3 and S'* to the inputs 15 and 16 
respectively of the recording unit 17'. If the detec- 
tion unit 64 detects an auxiliary signal the switches 
S 3 and S'* are open. If the absence of the auxil- 
iary signals is detected the switches S 3 and S4 
are closed and the audio signal, to which the 
auxiliary signals have been added, is recorded. 

Such a device is very useful if it is decided to 
allow only copies to be made of prerecorded 
record carriers (which are then not provided with 



said auxiliary signals) and original recordings 
(which are neither provided with said auxiliary sig- 
nals), but not to allow these copies to be copied. 
A prerecorded record carrier can now be 

5 copied normally. However, the resulting copy is 
now provided with the auxiliary signals and cannot 
be copied again. 

In the foregoing it is assumed that if an auxil- 
iary signal is detected recording should be inhib- 

w ited or the audio signal should be distorted seri- 
ously prior to being recorded. 

If desired, another philosophy may be adopted. 
The view may be taken that it should remain possi- 
ble for an audio signal provided with a copy-protec- 

75 tion code to be recorded. In that case it is merely 
required to provide an indication that the signal to 
be recorded contains such a code. An embodiment 
of such an arrangement is shown in Fig. 9. The 
arrangement bears much resemblance to the ar- 

20 rangement shown in Fig. 6. The switches S 3 and 
S* are now replaced by interconnections. Further- 
more, the output of the detection 64 is coupled to a 
signalling unit 80, for example in the form of a 
light-emitting diode. The auxiliary signals in the 

25 audio signal now function as a signalling code, to 
signal the fact that the audio signal to be copied 
should in fact not be copied, rather than as a copy- 
protection code. 

The decision whether the audio signal is sub- 

30 sequently copied is now then taken by the user 
himself. If the presence of an auxiliary signal in the 
audio signal to be recorded is detected, the detec- 
tion unit will generate a control signal which is 
applied to the signalling unit 80. The lamp (light- 

35 emitting diode) lights up. The user may now decide 
to discontinue recording. 

Fig. 10 shows an embodiment in which the 
invention is applied to a system comprising an 
encoder for subband coding of the audio signal, as 

40 is described in, for example, European Patent Ap- 
plication 289,080 (PHN 12.108). In the relevant 
case the frequency range in which the audio signal 
is situated is divided into a plurality of adjacent 
subbands. The width of the subbands increases 

45 towards higher frequencies. However, this is not 
necessary. It is alternatively possible using the 
analysis-filter means intended for this purpose to 
divide the overall bandwidth into subbands of equal 
bandwidth. 

50 In Fig. 10 the analysis-filter means bear the 

reference numerals 85 and 86 respectively, to 
which the left-hand and the right-hand channels of 
the stereo audio signal are applied via the termi- 
nals 1 and 2 respectively. The analysis-filter means 

55 divide the left-hand and the right-hand channel into 
P subband signals, which are applied to the out- 
puts 1 to P of the means 85 and 86 respectively. 
The output signal of the lowest subband is avail- 
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able on the outputs 1 of the filter means 85 and 86. 
These output signals are combined in the signal- 
combination units 8 and 63 in a manner as de- 
scribed with reference to Fig. 8. By means of the 
detection unit 64 it is possible to detect whether 
the auxiliary signals are present in the signal ap- 
plied to the terminals 1 and 2. The generated 
control signal is applied to the control-signal input 
88 of the recording unit 87 and ensures that re- 
cording is inhibited or the signal to be recorded is 
seriously distorted. 

By means of the signal-processing units 5 and 
6 it is again possible to add to auxiliary signals to 
the audio signal applied to the input terminals 1 
and 2 in the absence of the axuiliary signals in this 
audio signal. 

The output signals of subbands situated in 
frequency ranges of increasing frequency are avail- 
able on the outputs of correspondingly higher se- 
quence number of the analysis-filter means. The 
outputs of the signal-processing units 5 and 6 are 
coupled to inputs of quantisers 89.1 and 90.1 re- 
spectively. The outputs of the analysis-filter means 

85 and 86 having sequence numbers 2, 3 P are 

coupled to the inputs of quantisers 89.2 and 89.3, 
... 89.P and 90.2, 90.3, ... 90.P respectively. If 
desired, the quantisers may be constructed as 
adaptive quantisers. For the use of adaptive quan- 
tisers in encoders for subband coding reference is 
made, for example, to the Applicant's Netherlands 
Patent Application 88.02.769 (PHN. 12.735). 

By means of an encoder for subband coding 
the bit rate of the data stream to be recorded can 
be reduced. After quantisation in the quantisers 
89.1 to 89.P and 90.1 to 90.P the signals are 
applied to the recording unit 87. In the recording 
unit 87 the signals are processed in a manner 
which is not described in further detail, in such a 
way that they can be recorded by means of the 
recording heads 19 and 20. 

It is to be noted that all the embodiments 
described herein relate to arrangements for record- 
ing a (stereo) audio signal on a magnetic record 
carrier. However, the scope of the invention is not 
limited thereto. The invention applies also to those 
devices which record the audio signal on an optical 
record carrier. With the advent of CD erasable, CD 
write-once and magneto-optical recording technol- 
ogies this possibility will come within reach of the 
consumer in the future. 



Claims 

1. An arrangement for recording on a record 
carrier an audio signal comprising a left-hand and a 
right-hand channel, which arrangement has a first 
and a second input terminal for receiving the left- 



hand and the right-hand channel respectively, said 
first and said second input terminal being coupled 
respectively to a first and a second input respec- 
tively of the recording unit to record the signals 

5 applied to its inputs on the record carrier, char- 
acterized in that the first and the second input 
terminal are coupled to an input of a first and a 
second filter device respectively, which devices are 
adapted to extract a first and a second low-fre- 

w quency signal component from the left-hand and 
the right-hand channel " respectively and to apply 
the first and the second low-frequency signal com- 
ponent to an output, in that the output of the first 
filter device is coupled to an input of a first signal- 

75 processing unit and the output of the second filter 
device is coupled to an input of the second signal- 
processing unit, in that the outputs of the first and 
the second signal-processing unit are coupled to 
the first input and the second input respectively of 

20 the recording unit, in that the first signal-processing 
unit is adapted to add a first auxiliary signal to the 
signal applied to its input and to supply the signal 
thus processed to its output, in that the second 
signal-processing unit is adapted to add a second 

25 auxiliary signal to the signal applied to its input and 
to supply the signal thus processed to its output, 
and in that the first and the second auxiliary signal 
are selected in such a way that during reproduction 
of the audio signal, including the first and the 

30 second auxiliary signal added thereto, via two loud- 
speaker units arranged in a stereo configuration, 
the auxiliary signals are substantially inaudible to a 
listener. 

2. An arrangement for recording on a record 
as carrier an audio signal, comprising a left-hand and 
a right-hand channel, which arrangement has a first 
and a second input terminal for receiving the left- 
hand and the right-hand channel respectively, said 
first and said second input terminal being coupled 
40 respectively to a first and a second input of a 
recording unit to record the signals applied to its 
inputs on the record carrier, characterized in that 
the first and the second input terminal are coupled 
to an input of a first and a second filter device 
45 respectively, in that the first and the second filter 
device are adapted to extract a first and a second 
low frequency signal component respectively from 
the left-hand and the right-hand channel respec- 
tively and to supply the first and the second low- 
so frequency signal component to an output, in that 
the output of at least one of the two filter devices is 
coupled to an input of a detector unit, in that the 
detector unit is constructed to detect the presence 
of an auxiliary signal in the low-frequency signal 
55 component of at least one of the two signal chan- 
nels, and is adapted to generate a control signal 
upon detection of the auxiliary signal and to supply 
the control signal to an output, in that the output of 
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the detector unit is coupled to a control-signal input 
of the recording unit, and in that the recording unit 
is adapted to inhibit recording in the presence of 
the control signal and to record the audio signal in 
the absence of the control signal. 

3. An arrangement for recording on a record 
carrier an audio signal comprising a left-hand and a 
right-hand channel, which arrangement has a first 
and a second input terminal for receiving the left- 
hand and the right-hand channel respectively, said 
first and said second input terminal being coupled 
respectively to a first and a second input of a 
recording unit to record the signals applied to its 
inputs on the record carrier, characterized in that 
the first and the second input terminal are coupled 
to an input of a first and a second filter device 
respectively, in that the first and the second filter 
device are adapted to extract a first and a second 
low-frequency signal component from the left-hand 
and the right-hand channel respectively and to sup- 
ply the first and the second low-frequency signal 
component to an output, in that the output of at 
least one of the two filter devices is coupled to an 
input of a detector unit, in that the detector unit is 
adapted to detect the presence of an auxiliary 
signal in the low-frequency signal component of at 
least one of the two channels, and is adapted to 
generate a control signal upon detection of the 
auxiliary signal and to supply the control signal to 
an output, in that the output of the detector unit is 
coupled to a signalling unit, and in that the signal- 
ling unit is adapted to indicate that in the presence 
of the control signal the audio signal to be re- 
corded is an audio signal provided with the auxil- 
iary signal. 

4. A device as claimed in Claim 2 or 3, char- 
acterized in that the output of the first filter device 
is coupled to an input of a first signal-processing 
unit, the output of the second filter device is coup- 
led to an input of a second signal-processing unit, 
in that the outputs of the first and the second 
signai-processing unit are coupled to the first and 
the second input of the recording unit, in that the 
first signal-processing unit is adapted to add a first 
auxiliary signal to the signal applied to its input and 
to supply the signal thus processed to its output, in 
that the second signal-processing unit is adapted to 
add a second auxiliary signal to the signal applied 
to its input and to supply the signal thus processed 
to its output, in that the device is adapted to 
optionally add in the absence of the control signal 
the first and the second auxiliary signal to the 
audio signal applied to its input terminals and to 
supply the audio signal, thus processed or not, to 
the inputs of the recording unit, and in that the first 
and the second auxiliary signal are selected in 
such a way that during reproduction of the audio 
signal including the first and the second auxiliary 



signal added thereto, via two loudspeaker units 
arranged in a stereo configuration, said auxiliary 
signals are substantially inaudible to a listener. 
5. An arrangement as claimed in Claim 2 or 3, 

5 characterized in that the output of the first filter 
device is coupled to an input of a first signal 
processing unit, the output of the second filter 
device is coupled to an input of a second signal 
processing unit, in that outputs of the first and the 

10 second signal processing unit are coupled to the 
first and the second- input of the recording unit, in 
that the first signal-processing unit is adapted to 
add a first auxiliary signal to the signal applied to 
its input and to supply the signal thus processed to 

75 its output, in that the second signal-processing unit 
is adapted to add a second auxiliary signal to the 
signal applied to its input and to supply the signal 
thus processed to its output, in that the device is 
adapted to add, in the absence of the control 

20 signal, the first and the second auxiliary signal to 
the audio signal applied to its input terminals and 
to supply the audio signal thus processed to the 
inputs of the recording unit, and in that the first and 
the second auxiliary signal are selected in such a 

25 way that during reproduction of the audio signal, 
including the first and the second auxiliary signal 
added thereto, via two loudspeaker units arranged 
in a stereo configuration , said auxiliary signals are 
substantially inaudible to a listener. 

30 6. An arrangement as claimed in Claim 1 , 4 or 

5, characterized in that the signal-processing units 
are adapted to determine the amplitude of the input 
signals applied to their inputs and are adapted to 
add auxiliary signals to said input signals in such a 

35 way that in the case of an increasing or decreasing 
amplitude of an input signal the amplitude of the 
auxiliary signal to be added also increases or de- 
creases respectively. 

7. An arrangement as claimed in Claim 1 , 4, 5 

40 or 6, characterized in that the outputs of the first 
and the second filter device are coupled to a first 
and a second input of a signal combination unit, 
which has an output coupled to the inputs of the 
two signal processing units. 

45 8. An arrangement as claimed in Claim 1 , 4, 5, 

6 or 7, characterized in that the first signal-process- 
ing unit is adapted to amplify the signal applied to 
its input in cycles of each time two successive 
time intervals Ti and T2, by values 1 + a and 1 - a 

so respectively and the second signal processing unit 
is adapted to amplify the signal applied to its input, 
in cycles of similar time intervals T1 and T 2 , by 
values substantially equal to 1 - a and 1 + a 
respectively, a being a constant smaller than 1 . 

55 9. An arrangement as claimed in Claim 1 , 4, 5. 

6 or 7, characterized in that the first signal-process- 
ing unit is adapted to shift the phase of the signal 
applied to its input by a value of a* and the 
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second signal-processing unit is adapted to shift 
the phase of the signal applied to its input by a 
value substantially equal to -a * . 

10. An arrangement as claimed in any one of 

the Claims 1 or 4 to 9, characterized in that the 5 
signal processing units are adapted to add and 
subsequently not to add the auxiliary signal to the 
signals applied to their outputs in cycles of each 
time two successive time intervals T A and T B . 

11. An arrangement as claimed in any one of w 
the preceding Claims, characterized in that the first 
input terminal is further coupled to a third filter 
device and the second input terminal is coupled to 

a fourth filter device, in that the third and the fourth 
filter device are adapted to extract a second 75 
higher-frequency signal component from the left- 
hand and the right-hand channel respectively, in 
that an output of the third and the fourth filter 
device is coupled respectively to a third and a 
fourth input of the recording unit to record the 20 
signal components of higher frequency of the left- 
hand and the right-hand channel on the record 
carrier. 

12. An arrangement as claimed in Claim 11, 
comprising an encoder for subband coding of a 25 
digital audio signal of a given sampling rate 1/T, 
characterized in that the first and the third filter 
device belong to first analysis-filter means and the 
second and the fourth filter device belong to sec- 
ond analysis-filter means, which are responsive to 30 
the left-hand and the right-hand channel respec- 
tively to generate a plurality of P subband signals, 
which analysis-filter means divide the audio signal 
band for each of the signal channels with sampling- 
rate reduction into successive subbands having 35 
band numbers p (1 ^ p £ P and P £ 2), which 
numbers increase as the frequency increases, and 

in that the P outputs of the first and the second 
analysis-filter means are coupled to associated in- 
puts of the recording unit to record the P subband 40 
signals on the record carrier. 

13. A record carrier on which an audio signal 
composed of a left-hand and a right-hand channel 
is recorded by means of an arrangement as 
claimed in any one of the Claims 1 to 12, char- 45 
acterized in that a first auxiliary signal is added to a 
low-frequency signal component of the left-hand 
channel, in that a second auxiliary signal is added 

to a low-frequency signal component of the right- 
hand channel, and in that the first and the second so 
auxiliary signal are selected in such a way that 
during reproduction of the audio signal recorded on 
the record carrier, including the first and the sec- 
ond auxiliary signals added thereto, via two loud- 
speaker units arranged in a stereo configuration, 55 
said signals are substantially inaudible to a listener. 
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